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AbstrAct
Emerging device-centric systems (DCSs) such as D2D communications are considered as a standard part of future mobile networks, where operators/ consumers involve the devices in direct communication to improve the cellular system throughput, latency, fairness, and energy efficiency. However, battery life of mobile devices involved in such communications is crucial for 5G smartphone users to explore the emerging applications in DCSs. It is anticipated that the owners of 5G-enabled smartphones will use their devices more extensively to talk, text, email, and surf the web more often than do customers with 4G smartphones or traditional handsets, which puts a significantly higher demand on the battery life. Smartphones are currently equipped with multiple radio interfaces that enable them to access different types of wireless networks including LTE-Direct and Wi-Fi-Direct, besides cellular networks. Such a capability is not well explored within the context of DCS. This article proposes a new scheme to support the emerging features in DCS where a D2D-enabled mobile device (a sink device or a file/ content requester) aggregates the radio resources of multiple mobile devices (source devices or file/content providers) via its multiple radio interfaces such that the scheme is referred to as devices-to-device (Ds2D) communications. The Ds2D communication scheme ensures an optimal packet split among the source mobile devices to improve the file/content transfer latency (FTL), energy efficiency, and battery life. Simulation results demonstrate that the proposed optimal packet split scheme among multiple source devices participating in Ds2D communication guarantees an improvement in mobile battery life over a wide range of data rate levels in comparison with the random packet split strategy and traditional D2D communication paradigm between the sink and source mobile devices.
IntroductIon
The recent widespread use of mobile Internet complemented by the advent of many smart applications has led to an explosive growth in mobile data traffic over the last few years. This remarkable growing momentum of mobile traffic will most likely continue on a similar trajectory, mainly due to the emerging need for connecting people, machines, and applications in a ubiquitous manner through mobile devices. Every new release of iPhone and Android smartphones spurs new applications and services, with advanced display screens to deliver an exceptional quality of experience to the end user. As a result, the current and projected dramatic growth of mobile data traffic necessitates the development of the fifth generation (5G) mobile communications technology. 5G communications are expected to yield a mobile broadband experience far beyond the current 4G systems.
5G has a broad vision and envisages design targets that include 10-100 peak date rate, 1000 network capacity, 10 energy efficiency, and 10-30 lower latency [1] . In achieving these expectations, operators and carriers are planning to leverage emerging device-centric systems (DCSs) such as device-to-device (D2D) communications, small cells, and nano and elastic cells to improve the user experience and consequently improve the overall network performance. However, the evolution of mobile devices to support the emerging features in DCSs comes at a cost, placing stringent demands on the mobile device battery life and energy consumption [2] . Hence, there is considerable market interest in the development and deployment of innovative green and smart solutions to support emerging features in DCSs in ultra-dense heterogeneous networks.
This article focuses on D2D communication systems and their architecture as an effective means for DCSs to support the expectations of 5G networks. The challenges related to the implementation of D2D communications, including interference management, energy consumption, and channel measurements, are briefly discussed. A new devices-to-device (Ds2D) communication paradigm is then proposed to establish D2D communication over multiple radio interfaces between a sink and source devices, and thereby improve energy consumption and battery life of mobile devices involved in such emerging DCSs.
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The performance of the proposed emerging device-centric framework is then studied quantitatively, followed by an overview of the challenges related to the implementation and integration perspectives of Ds2D communications under 5G centralized and decentralized network approaches. Finally, conclusions and future directions are outlined.
EmErgIng dEvIcE-cEntrIc PArAdIgms
So far, most of the deployed telecommunications networks (3G and 4G) have assumed a network-centric approach. However, the new 5G systems are expected to drop this vision and adopt a DCS strategy [3, 4] . It is envisioned that 5G networks would be deployed mostly for data-centric applications rather than voice-centric applications. The main drivers of DCSs are the Internet of Things (IoT), machine-to-machine communications, and big data applications, which will exploit the intelligence at the mobile device side to support the emerging device-centric communication paradigms and ensure ubiquitous connectivity.
ovErvIEw of d2d communIcAtIon ArchItEcturE
D2D communication is viewed as a promising technology to complement 5G DCSs. Direct D2D communication between cellular equipment is proposed to increase data-rate [5] , extend conventional cellular coverage [6, 7] , and provide wireless sharing/dissemination of content [8] . As shown in Fig. 1 , traditional D2D communications take place among two devices, that is, a pair of devices (D 4 and D 5 ), such that a direct communication link is established between the two mobile devices without any interaction from the base stations or the core of the cellular network. Hence, the sink device (D 5 ) receives the required file directly from the source device (D 4 ).
In [9] , the authors have provided a literature review on D2D communications including new insights concerning existing works and emerging protocols. This study offers a review of the inband (underlay or overlay in cellular spectrum) and outband (unlicensed spectrum) integration of D2D communications. In an underlay scheme, the D2D communication may generate interference to the cellular users due to the reuse of the same resources. Hence, in the underlay approach, D2D links may only exist if they do not harm the signal-to-interference-plus-noise ratio (SINR) at the base stations (uplink) or at the other devices (downlink) in the conventional cellular communication approach. Outband D2D communication uses cellular interface to set up the connection between two devices for D2D communication and uses the Wi-Fi interface for data transmission.
In [10] , the authors proposed a new LTE-Advanced (LTE-A)-based D2D communication network architecture. They introduced a new reference point between D2D-enabled devices named "Di-interface" using enhanced radio protocols and procedures as a device connects to an eNodeB. The following D2D-specific functionalities are supported by many functions of this interface: First, the D2D scheme should have the ability to measure the distance between two mobile devices in order to relieve the feasibility of direct connection; second, the devices in the D2D architecture should be covered by the eNodeBs to maintain control and signaling; third, D2D data transmission between the devices should utilize a physical channel similar to the LTE-A uplink/downlink shared channel.
d2d communIcAtIon chAllEngEs
Some challenges to implement and integrate device-centric communications into 5G networks are listed below [9] :
Interference and Resource Management: For the reuse of uplink and downlink resources in D2D communications in a cellular network, the D2D mechanism should be designed in such a way as to not disrupt the cellular network services. The transmission power should be properly regulated so that the D2D transmitter does not interfere with the cellular mobile user communication while maintaining a minimum SINR requirement for the D2D receiver.
Channel Measurement/Modulation Format: D2D communication requires information on the channel gain between D2D pairs, the channel gain between D2D transmitter and cellular device, and the channel gain between cellular transmitter and D2D receiver. As the devices are supposed to communicate with both base stations and other peers, it is convenient to preserve some sort of common physical layer waveform such as orthogonal frequency-division multiplexing (OFDM) modulation.
Energy Consumption: While energy consumption is a very important issue in D2D communications, it becomes very crucial to propose advanced device discovery, device pairing, and D2D communication protocols to prolong the battery life of the mobile devices while ensuring the required QoS and connectivity. 
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dEvIcEs-to-dEvIcE communIcAtIons
The opportunity of enabling multiple radio interfaces, including LTE-Direct and Wi-Fi-Direct, besides cellular networks is not fully exploited in D2D communications since the D2D communication takes place over a single link between the two mobile devices involved in such direct communications (as shown in Fig. 1 between D 4 and D 5 ). Communication over multiple links can take advantage of the diverse resources available at different radio interfaces (e.g., the supporting bandwidth). Aggregating such radio resources at the sink device allows for improved system performance in terms of the achieved throughput, latency, and energy efficiency. Enabling D2D data transmissions over multiple radio interfaces can take place in two forms:
•Multi-homing D2D communications, in which the sink device receives its required file from a single source device over multiple radio interfaces, as shown in Fig. 1 between the source device D 6 and the sink device D 7 . For sake of illustration, assume that D 7 requests a file that consists of two packets from D 6 . Two data communication links are established between D 6 and D 7 , which can take place over the LTE-Direct and Wi-Fi-Direct radio interfaces of the two devices (besides a third, cellular, link that is established for coordination). Based on the achieved data rate over each link (radio interface), different numbers of packets can be transmitted on each link from D 6 to D 7 . For instance, one set of the data packets is transmitted over the first link, and another set of the data packets is transmitted over the second link, as shown in Fig. 1 . Eventually, the sink device D 7 aggregates the two received sets of packets to reconstruct the required file.
•Ds2D communications, in which the sink device receives its required file from multiple source devices over multiple radio interfaces, as shown in Fig. 1 between the source devices D 1 and D 2 , and the sink device D 0 . One data communication link is established between each source device and the sink device over different radio interfaces. For instance, data communication can take place between D 1 and D 0 over the LTE-Direct radio interface and between D 2 and D 0 over the Wi-Fi-Direct radio interface (besides a second, cellular, link that is established between each source device and the sink device for coordination). Again, based on the achieved data rate over each link (radio interface), different numbers of packets can be transmitted from each source device D 1 and D 2 to D 0 . In Fig. 1 , one set of the data packets is transmitted from D 1 and another set of the data packets is transmitted from D 2 , and the sink device D 0 aggregates the received two sets of packets to reconstruct the required file.
One obvious advantage of multi-homing D2D over Ds2D communications is the simple communication architecture since it involves coordination between only two devices over multiple radio interfaces. On the other hand, Ds2D communications involves coordination among multiple devices over multiple radio interfaces. However, from an energy efficiency perspective, Ds2D communications offer a better alternative over multi-homing D2D, as presented in our preliminary results in [11] . Specifically, in multi-homing D2D, a single source device incurs energy consumption for data communication over N radio interfaces, while in Ds2D communications, each of the N source devices consume energy for data communication over a single active radio interface. Furthermore, in Ds2D communications, each source device transmits only a portion of the required file, while in multi-homing D2D, the source device transmits only the entire file to the sink device. Hence, roughly, Ds2D communications incur 1/N of the multi-homing D2D power consumption per source device. In addition, Ds2D communications incur lower transmission power per source device compared to the multi-homing D2D and traditional D2D approaches, based on the file split ratio among the different source devices. Such improved energy consumption per source device prolongs the source device battery lifetime compared to traditional and multi-homing D2D, and thus provides a better incentive for mobile devices to participate in a direct communication transaction. In the following, we focus on Ds2D communications among multiple source devices over multiple radio interfaces to establish the links with a single sink device for data transmission and discuss the performance of the communication framework along with the associated challenging issues.
systEm modEl And nEtwork lAyout
Consider a system model with a single sink mobile device and a set of candidate source mobile devices. Here, the sink mobile device needs to download a popular file (content), which is cached in source mobile devices. Let D = {D 0 , D 1 , …, D S } denote a set of mobile devices with D 0 representing the sink mobile device and D s  D = {D 0 } represent the candidate source mobile devices. All mobile devices in D are in the coverage area of a single cellular network base station. The candidate source mobile devices are selected by the base station based on two criteria: • All devices in D are within proximity of the sink mobile device. • Each candidate source mobile device has a copy of the file required by the sink mobile device. Each mobile device D s  D has a set of distinct radio interfaces N = {1, 2, …, N}. Radio interface n  N in all mobile devices, and D s  D employs the same access technology. For instance, n = 1 represents an LTE-Direct radio interface, n = 2 represents a Wi-Fi-Direct radio interface, n = 3 represents cellular radio interface in all devices, and so on. The Ds2D communication framework involves two phases, namely, the optimal selection of source devices and optimal packet split among source devices, which are discussed next.
oPtImAl sElEctIon of sourcE dEvIcEs
In Ds2D communications, the base station must select the optimal source mobile devices from the available candidate source mobile devices and their respective radio interfaces that deliver the required data (file) to the sink mobile device in the most energy-efficient manner.
The optimal algorithm for source mobile device and radio interface selection should Aggregating such radio resources at the sink device allows for an improved system performance in terms of the achieved throughput, latency, and energy efficiency. Enabling D2D data transmissions over multiple radio interfaces can take place in two forms: multi-homing D2D communications and Ds2D communications.
maximize the achieved energy efficiency while accounting for some constraints. One constraint should ensure that the total number of links used for data transmission is limited by the maximum number of available radio interfaces at the sink device. Another constraint should guarantee that each radio interface of the sink device is communicating with only one source device. Furthermore, each source device should perform data transmission using a single radio interface. In [11] , an optimal algorithm for source mobile device and radio interface selection based on the ascending proxy auction mechanism was presented. The proposed mechanism achieves: • Higher energy efficiency compared to the traditional D2D communications approach • Lower energy consumption per source mobile device compared to the multi-homing D2D communications approach To avoid triggering source device and radio interface selection every time a change occurs in the channel condition, and hence avoid high signaling overhead, the objective of the proposed algorithm is based on maximization of the time-average energy efficiency.
oPtImAl PAckEt sPlIt Among dEvIcEs
After optimal selection of source mobile devices and their respective radio interfaces, the base station coordinates with the source mobile devices to transfer the desired data packets to the sink mobile device in a distributed manner. The sink mobile device aggregates the data packets transmitted by different source mobile devices to reconstruct the required file. This approach can support data hungry applications such as file download or video streaming of a popular content.
The optimal packet split algorithm should specify the packet split ratio among the source devices based on the achieved data rates over their respective radio interfaces. Consider that the desired file (content) has P long data packets that should be transmitted from the source mobile devices (e.g., D 1 and D 2 as shown in Fig. 1 ) to the sink mobile device (D 0 ) over a set of two different radio interfaces N = {1, 2}, as shown in Fig. 1 . Let 0 < a opt  1 denote the optimal packet split ratio (OPSR) that splits the requested file into two sets of data packets based on the achieved data rate for each selected source device. Set 1 of data packets contains a opt P data packets that are transmitted by source mobile device D 1 through radio interface n = 1. Similarly, set 2 of data packets contains (1 -a opt ) P remaining data packets that are transmitted by the source mobile device D 2 through radio interface n =2. The sink mobile device receives the packets from both source mobile devices simultaneously over two different radio interfaces (n = 1 and n = 2) and combines them to restore the requested file (content).
The two source mobile devices D 1 and D 2 can transmit with different data rates R 1 and R 2 , respectively, depending on the SINR of each source mobile device on the corresponding radio interface. 1 The file transfer latency (FTL) t at the sink mobile device is defined as the duration required to transfer the desired data packets from all source mobile devices to the sink mobile device by aggregating the multiple radio resources and is given by
where P n is number of data packets transmitted over the nth radio interface (using a, P 1 = aP, and P 2 = (1 -a)P); R n denotes data rate over the nth radio interface, and B = 1500  8 denotes the bits per data packet by assuming that each data packet contains 1500 bytes and each byte contains 8 bits. From Eq. 1, the FTL is minimum if all source devices complete their data transmissions at the same time. Hence, the main rationale behind the search of a opt is to ensure that the source devices involved in Ds2D communications complete the file transfer at the same time such that the sink mobile device does not have to wait for one source mobile device to complete the transmission of its assigned data packets, which elongates the communication sessions and leads to higher energy consumption and lower battery life. Thus, a opt can be found by solving (a opt P B)
To evaluate the effectiveness of the proposed optimal packet split strategy over the two radio interfaces of two source mobile devices, we consider an average monthly data usage capability for each mobile subscriber of about 2.5 GB with the daily download capability of 80 MB. Given each data packet has 1500 bytes, the file (requested content) has P = 55,000 data packets. The average data rate achieved for the second source mobile device (D 2 ) over radio interface n = 2 is assumed to be 1.646 Mb/s. Moreover, the average achieved data rate for the first source device (D 1 ) over radio interface n = 1 is varied for performance evaluation. Figure 2 shows the optimal packet split between a pair of source devices (D 1 , D 2 ) over two radio interfaces N = {1, 2} for various achieved data rates of D 1 . The optimal packet split algorithm splits the data packets among the two source mobile devices based on the achieved data rate for each source mobile device. This is mainly because the optimal packet split algorithm ensures the same FTL for each source mobile device to guarantee the simultaneous delivery of the content/data packets to the sink device for content/data packets aggregation (as shown in Fig. 3 ). Figure 4 shows the relative percentage reduction in FTL (i.e., relative gain) for the considered Ds2D communication paradigms in comparison to the transmission over the traditional D2D communication paradigm where only one source mobile device transmits the complete file to the sink mobile device, that is, direct D2D communication between a pair of devices (D 1 and D 0 ). The performance of the Ds2D communication with an optimal packet split algorithm is evaluated against Ds2D communication with the random packet split benchmark.
The optimal packet split algorithm splits the file between the source files in such a way that guarantees the minimum FTL, that is, data packets are distributed based on the channel conditions between the source devices and a sink device. On the contrary, the random packet split benchmark algorithm randomly splits the file among the two source mobile devices, and each source mobile 1 In this article, the relationship between the SINR and the achieved data rates is adopted from [12, Table II To avoid triggering source device and radio interface selection every time a change occurs in the channel condition, and hence avoid high signaling overhead, the objective of the proposed algorithm is based on maximization of the time-average energy efficiency.
device transfers the packets to the sink mobile device that combines both sets to restore the requested file. It can be seen clearly that Ds2D transmission with optimal packet split has lower transmission FTL than the traditional D2D paradigm (there is always a gain, which ranges from 88 to 30 percent). As shown in figure, with the increase in the data rate level for D 1 , the achieved relative gain in FTL is reduced. This is mainly because with high data rates achieved for D 1 , a single transmission link (between D 1 and D 0 ) can already achieve low FTL compared to the Ds2D communication with the optimal packet split algorithm (among D 1 , D 2 , and D 0 ). On the other side, in Ds2D transmission with random packet split, the relative gain in FTL can go below zero when a source device with worse channel conditions is allocated more data packets for transmission compared to another source device with better channel conditions. In this case, the overall latency for Ds2D transmission with the random packet split algorithm is increased compared to the single interface scheme (direct D2D transmission), which in turn deteriorates the relative gain of Ds2D with random packet split compared to the conventional D2D scheme and hence results in a gain below zero (i.e., a loss).
grEEn AnAlysIs of mobIlE dEvIcEs In ds2d communIcAtIons
In this section, we demonstrate the impact of the considered Ds2D communication on society and consumers (mobile users) in terms of reduction in energy consumption, and associated electricity cost and carbon footprint, and improvement in mobile battery life. Let us consider a source mobile device such that its battery holds a charge of I batt = 1440 mAh with E batt = 5.45 Wh [2] . Energy consumption of a source mobile device for transferring a file to a sink mobile device can be calculated as
where t is the FTL per source mobile device measured in seconds to transfer the assigned content to a sink mobile device, that is, optimally and randomly assigned content in Ds2D and full content in D2D communications. Figure 5 shows the energy consumption per source device involved in transferring optimally assigned data packets out of the file of size 80 MB (or equivalently P = 55,000 data packets) to a sink device over the range of date rate levels. Compared to direct D2D communication between a pair of devices, the proposed Ds2D communication offers reduced energy consumption per source mobile device since each source device only transmits a fraction of the packets of the requested file. However, the energy consumption of the source mobile devices involved in Ds2D communication under the optimal packet split scheme outperforms the energy consumption of source mobile devices under the random packet split scheme. Moreover, at a lower date rate level, the energy consumption of the source mobile devices involved in Ds2D under the optimal packet split scheme is significantly reduced in comparison to the energy consumption of the source mobile devices involved in Ds2D communication under the random packet split scheme and traditional D2D communications. The improvement is due to the fact that the source mobile device is engaged with the sink mobile device for a relatively longer duration at a lower data rate level to complete the transfer of the required file under traditional D2D communications in comparison to the source mobile devices involved in Ds2D communication. As an example, at a rate level 2 (i.e., R 2 = 328.2 kb/s), the source devices can achieve 85 percent reduction in energy consumption under the optimal packet split scheme and 51 percent reduction under the random packet split scheme in comparison to the source device involved in D2D communications. As shown in Fig. 5 , Ds2D communication with optimally assigned data packets exhibits a closer performance to D2D communication for higher data rate levels. This is due to the fact that with high data rates achieved by the source mobile device, a D2D transmission link (e.g., between D 1 and D 0 ) can also achieve a relatively low FTL.
Reducing energy consumption reduces the electricity cost and thereby results in a financial cost saving to consumers if the energy savings offset any additional costs for implementing an energy-efficient framework. The monthly cost of electricity that is associated with the implementation of the considered device-centric frameworks can be calculated by assuming the cost of 1 kWh to be $0.12:
Figure 6a 2 shows the annual electricity cost associated with the energy consumption of a source mobile device for the transfer of an 80 MB file over the considered device-centric frameworks. It can be seen clearly that at an average price of 12 cents/kWh, the mobile device costs approximately US$0.29 in addition to the monthly electricity bill assumed by customers when a pair of devices is involved in D2D communications with an average daily data usage or file/content transfer of size 80 MB at a lower data rate. On the contrary, the electricity cost to consumers is reduced to US$0.14 and US$0.04 when the devices are involved in Ds2D communication via the random packet split and optimal packet split schemes, respectively, for the same amount of daily data transfer at a lower data rate. Again, with the high data rates achieved by the source mobile device, a D2D transmission link (e.g., between D 1 and D 0 ) can also offer reduced electricity cost compared to the Ds2D communication with optimal packet split, which explains the close performance of Ds2D and D2D communications at high achieved data rates.
Energy efficiency has recently been marked as one of the alarming bottlenecks in the telecommunication growth paradigm mainly due to two major reasons, namely: • Dramatically varying global climate [13] • Slowly progressing battery technology [14] In order to determine the ecological impact of the energy consumption of a mobile device due to the proposed framework, we calculate the corresponding carbon footprint in pounds. The conversion factor used to convert the energy consumption to CO 2 emissions is 1 kWh = 1.21 lb CO 2 emissions, which represents the energy used at the mobile user's end. 3 Figure 6b illustrates the annual CO 2 emissions for a source device involved in 2.5 GB monthly file transfer/download via: • D2D communications • D2sD communications with random packet split • Ds2D communications with optimal packet split It can be seen clearly that the carbon footprint of mobile devices involved in Ds2D communications is lower in comparison to the carbon footprint of the devices involved in direct D2D communication. Moreover, the carbon footprint of the devices is reduced significantly when devices are communicating at relatively higher data rates. As an example, at data rates of 213.3 kb/s and 3822.7 kb/s (data rate level 1 and level 10), the annual CO 2 emission of a source mobile device involved in D2D communications is approximated as 2.06 lb and 0.14 lb, respectively. D2sD communication with random packet split between the devices reduces the estimated CO 2 emission of an involved source mobile device to 1.06 lb (50 percent reduction) and 0.11 lb (21 percent reduction) at the two considered data rate levels, respectively. This can be further reduced to 0.23 lb (more than 88 percent reduction) and 0.08 lb (42 percent reduction), respectively, by introducing an optimal packet split strategy between the source mobile devices involved in Ds2D communication. 4 J. D. Power Associates demonstrate that the iPhone ranked top in all categories except for battery life. 5 According to another recent survey report, up to 60 percent of the mobile users in China complained that the battery consumption is the greatest hurdle while using 4G services. 6 Without a breakthrough in battery technology, the battery life of mobile devices will remain the biggest limitation for energy-hungry device-centric applications and services, such as video games, mobile point-to-point (P2P), interactive video, streaming multimedia, mobile TV, 3D services, and video sharing [15] . Emerging device-centric frameworks can offer longer battery life, while consumers can enjoy high data rate 5G services and applications. The battery life or battery capacity can be calculated from the input current rating of the battery and the load current of the battery charging circuit [2] . Battery life will be high when the load current is low and vice versa. The calcu- 2 Here, the electricity cost represents only kWh spent for consuming the 2.5 GB monthly data allowance via considered device-centric frameworks without considering other associated additional electricity billing charges such as energy transmission and distribution charges. 3 Energy and carbon conversions:fact sheet; http://www. carbontrust.com 4 The green analysis presented in this article is based on the carbon footprint of a single source mobile device involved in the device-centric frameworks. However, with the advent of 5G communication paradigms and associated applications, it is anticipated that the carbon footprint of more than 6 billion mobile devices with an average 2.5 GB monthly data consumption via traditional D2D communication could reach 1 Mtonnes by 2020. This could be reduced to 0.5 Mtonnes and 0.1 Mtonnes when the devices exploit the Ds2D communications framework with random packet split and optimal packet split, respectively. 
where I batt is the battery capacity in mAh, and I source is the load current drawn by the source mobile device for transferring the file to the sink mobile device. Here, the factor 0.70 represents external factors that can affect the mobile device battery life. Figure 6c shows the mobile battery life (hours) over the range of data rate levels for a source mobile device involved in D2D and Ds2D communications. Overall, as the data rate level increases, the FTL decreases, and hence the battery life is prolonged. However, it can be seen clearly that the battery life of a source mobile device involved in Ds2D communications with an optimal packet split scheme is significantly higher than the battery life of a mobile device involved in Ds2D communication with the random packet split scheme and traditional D2D communication. Moreover, the battery life of the source mobile device involved in Ds2D communication with the random packet split scheme is degraded at the higher data rate levels since the FTL performance of the random packet split scheme is worse than the traditional D2D communications (as can be seen from Fig. 3 ). As an example, at a low data rate of 213.3 kb/s (data rate level 1), the battery life of a mobile device involved in Ds2D communication with optimal packet split is prolonged to approximately three hours. On the contrary, a fully charged battery is not enough to successfully complete the file transfer under Ds2D communication with the random packet split scheme and traditional D2D communications.
somE chAllEngEs And futurE dIrEctIons
In general, Ds2D communications can be established among any sink mobile device and multiple source mobile devices over N multiple radio interfaces. Selection of source mobile devices is highly dependent on the availability of the file or content and its close proximity to the sink mobile device. As discussed earlier, coordination among the involved mobile devices is required for successful implementation of Ds2D communication and optimal distribution of the desired content (data packets) among the source mobile devices. There are two possible implementation approaches to achieve coordination among the mobile devices and set up Ds2D communication, namely, centralized and decentralized approaches, and are described as below. 8
cEntrAlIzEd ds2d sEtuP
Under the centralized Ds2D setup, cloud radio access networks (CRANs) can dynamically perform source mobile device selection, Ds2D link establishment, and data packet distribution among the source devices with a limited or full supervision of cellular network. Devices involved in Ds2D communication can perform full or limited information exchange and signaling with the cellular network using the LTE-Uu interface (i.e., cellular link). Since the cellular interface for all devices is reserved for information exchange and signal-ing, data transmission can be established between a sink mobile device and source devices over n -1 radio interfaces. Therefore, the devices have at least two active interfaces (a cellular interface for control and an additional radio interface for data transmission). Mobility of the devices involved in Ds2D communication, interference management, and content availability are considered as advantages of integrating Ds2D communications under centralized CRAN-enabled cellular systems. Internetwork coding can play an important role to efficiently exploit the benefits of Ds2D communications. However, the centralized approach imposes additional challenges to the fronthaul requirements, such as high data rate and latency requirements, due to information exchange and signaling overheads between the devices involved in Ds2D communications. Moreover, devices cannot establish Ds2D communication links without full or limited intervention and approval of the request from the cellular network. standard for device discovery and D2D communication between users. Moreover, fronthaul requirements can be relaxed due to reduced signaling information exchange between the devices and the access network. Long-term availability of the desired content due to mobility is one of the challenges to integrate Ds2D communications in a decentralized fashion.
dEcEntrAlIzEd ds2d sEtuP

conclusIons
Smartphones will play an important role in enabling device-centric communication paradigms in 5G networks, such as D2D communications. This article has focused on the implementation perspectives of such a device-centric architecture including energy consumption and battery life of the devices involved in communication. A new device-centric scheme, Ds2D communication, has been proposed in which a sink device aggregates multiple resources to download the desired content (file) from multiple source mobile devices. Ds2D communication guarantees an optimal data packet distribution among the source mobile devices to ensure improvements in file transfer latency, energy consumption, and battery life of the source mobile devices involved in communications. Simulation results have evaluated the quantitative gains in comparison to the traditional D2D communication and Ds2D communication in which a random data packet distribution has been implemented. It has been shown that the performance criteria of the source mobile devices such as file transfer latency, energy consumption, and battery life can be effectively optimized through an optimal packet split among the source mobile devices and their respective radio interfaces involved in the Ds2D communication in DCSs. It has been shown that the performance criteria of the source mobile devices such as file transfer latency, energy consumption, and battery life can be effectively optimized through an optimal packet split among the source mobile devices and their respective radio interfaces involved in the Ds2D communication in DCS.
